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Abstract
The excited state dynamics Y1−xDyxPO4 (x= 0.005 - 0.1) single crystals have been investigated as a function of the
temperature and of the concentration. When x=0.005 the 4F9/2 emission decays exponentially with time constant
of the order of 480-500 μs. For higher doping levels the curves are non exponential, indicating that energy transfer
processes take place. The Inokuti-Hirayama model applied to the analysis of the decay proﬁles of the 3% doped crystal
has allowed to obtain information about the transfer mechanism.
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1. Introduction
Dy3+ doped crystals have interesting emission
properties in the blue and yellow regions of the
visible spectrum [1],[2]. In these materials the rel-
ative intensity of the 4F9/2 →6H15/2 (∼480 nm)
and 4F9/2 →6H13/2 (∼575 nm) transitions strongly
depends on the lattice properties. We are investi-
gating this aspect in a number of oxide and ﬂuoride
hosts, in order to deﬁne suitable parameters allow-
ing to tailor their emission properties and then their
perspectives of applications. In this paper the ex-
cited states dynamics of Dy3+-doped YPO4 single
crystals are studied as a function of the tempera-
ture and of the concentration, in order to provide
information about the radiative and non radiative
processes taking place in this material. The interest
in this material is related to its potentialities as a
white phosphor with the possibility of tuning its
emission properties by suitably varying the compo-
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sition of the host [3],[4], making it attractive for a
number of technological applications.
2. Experimental
YPO4 crystals doped with 0.5, 3 and 10% Dy
(molar ratio with respect to Y) were grown by the
’ﬂux growth’ technique using Pb2P2O7 as a solvent
in the 1300-800◦C temperature range [5]. They are
tetragonal, space group I41/amd, Z=4 [6] and cell
parameters a= 6.882 A˚and c= 6.018 A˚. The emis-
sion in the 470-670 nm range was excited at 390 nm
using an UVLED (steady state measurements) or at
395 nm using the second harmonic of a pulsed Ti-
sapphire laser (decay curves measurements). The lu-
minescence signal was analyzed bymeans of a Jobin-
Yvon monochromator with 320mm focal length and
detected by a R1464 Hamamatsu photomultiplier.
The crystals were mounted onto the cold ﬁnger of a
He-cryocooler and the measurements carried out at
temperatures ranging from 10 to 298 K.
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Fig. 1. Room temperature emission spectrum of YPO4:Dy3+
(10%). Excitation wavelength: 390 nm.
3. Results and discussion
The room temperature polarized emission spec-
trum of YPO4:Dy (10%) in the visible region (Fig. 1)
is composed of threemultiplets centred at about 485,
575 and 665 nm and assigned to the transitions from
the 4F9/2 to the 4HJ (J= 15/2, 13/2 and 11/2 re-
spectively) levels. The red emission is much weaker
than the other ones and is shown in the inset of Fig.
1. Strong polarization eﬀects are evident, related to
the symmetry properties of the involved Stark lev-
els, and the FWHM (full width at half maximum)
values for the most intense features range from 20 to
40 cm−1, typical of single crystals having high order
degree and good quality. The spectra of the diﬀer-
ently concentrated crystals diﬀer from that in Fig.1
only for what concerns the intensities of the bands
but not for their compositions, as expected in the
case of single site occupancy. The decay proﬁles of
the 4F9/2 emissions of all samples have been mea-
sured in the 10-298 K temperature range. The 10 K
curves are shown in Fig. 2. In the case of the 0.5%
doped crystal, the observed behaviour is nearly a
single exponential yielding a decay time of 450 μs.
The average distance between two active ions can
be estimated using the:
dDy−Dy =
[
3
4πN
] 1
3
; (1)
where N is the density of ions (ions/cm3). In this case
dDy−Dy= 15 A˚, i.e. a quite long distance for having
eﬃcient energy transfer processes. As the tempera-
ture increases the decay time increases up to 520 μs
Fig. 2. Low temperature emission decay curves of
YPO4:Dy3+ at diﬀerent concentrations. Excitation wave-
length: 395 nm. The full lines have been obtained using the
ﬁtting procedures described in the text.
Fig. 3. Temperature dependence of the 4F9/2 decay times
0.05% and 3% YPO4:Dy3+.
at 298 K, as shown in Fig. 3. This behaviour has
already been observed in diﬀerent Dy3+-doped ma-
terials [7]. The decay proﬁles of the 3%-doped com-
pound are not exponential and can be reproduced
using the Inokuti-Hirayama (I-H) model for the en-
ergy transfer in absence of migration [8]:
I(t) = I0exp
[
− t
τ
− α
(
t
τ
)−3/s]
; (2)
where I(t) is the emission intensity after pulsed ex-
citation, I0 is the intensity of the emission at t = 0,
τ is the lifetime of the isolated donor, α is a param-
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eter containing the energy transfer probability and
s=6 for dipole-dipole (D-D), 8 for dipole-quadrupole
(D-Q) and 10 for quadrupole-quadrupole (Q-Q) in-
teraction. In the present case the best ﬁt of the ex-
perimental data has been obtained with s=10. The
resulting decay time is about 400 μs at 10 K. It in-
creases with the temperature up to about 480 μs
at 298 K, in reasonable agreement with the diluted
case (see Fig.3). Diﬀerent cross relaxation processes
can account for this energy transfer process. For ex-
ample:
4F9/2 +6 H15/2 →6 H5/2 +6 F7/2,
4F9/2 +6 H15/2 → (6F3/2,6 F1/2) + (6H9/2,6 F11/2).
The parameter provides information on the prob-
ability of the energy transfer process:
α =
4
3
πΓ
(
1− 3
s
)
NaR
3
0 (3)
where Γ is the gamma function, Na the concentra-
tion of the acceptor expressed in ions·cm−3 and R0
is the critical distance. In the present case, the cal-
culated R0 value ranges from 7.3 to 8 A˚, in good
agreement with the average distance between Dy3+
ions in this crystal, dDy−Dy= 8 A˚. When the Dy3+
concentration raises to 10% (dDy−Dy= 5.5 A˚) the
decay proﬁle becomes strongly non exponential (Fig.
2), and the eﬀect of the migration strongly compli-
cates the analysis of the decay curve. The long time
tail of the proﬁle still evidences a single exponen-
tial behaviour, with a decay constant (of the order
of 130 μs) much shorter than in the previous cases.
4. Conclusions
The decay curves of the visible luminescence of
Dy3+-doped YPO4 crystals have been measured as a
function of the temperature for three diﬀerent crys-
tal concentrations. Their analysis indicates that the
emission decay time increases with the temperature.
As the concentration exceeds 0.5% energy transfer
processes take place. These have been reliably char-
acterized using the Inokuti-Hirayama model in the
case of the 3% doped crystal and some hypothe-
ses have been proposed about the cross relaxation
mechanisms which could be at the origin of these
processes.
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